A B S T R A C T An assay has been developed for specific measurement of two different lipase activities in postheparin plasma. Lipoprotein lipase, derived from extrahepatic sources, is measured as protamine-inactivated lipase activity; hepatic lipase activity is protamine-resistant under the conditions of this assay. In 100 normal subjects, both enzyme activities were noted to be related to age and sex. Protamine-resistant lipase, which comprised 46-95% of the total activity, was highest in men over 18. Protamine-inactivated lipase activity was greatest in younger males and was agecorrelated in women, doubling between the second and sixth decades.
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In 12 patients with hyperchylomicronemia, including five previously shown to have familial type I hyperlipoproteinemia, protamine-inactivated lipase activity was markedly reduced, whereas protamine-resistant lipase was below normal in only 1. The results were not due to lack of plasma activator, presence of plasma inhibitor, or diet, and the deficiency was not overcome by increasing the provoking dose of heparin from 10 U to 75 U/kg. Mean values for both lipase activities were not reduced in 32 other patients with hyperchylomicronemia, nine with "floating beta" lipoproteins (type III hyperlipoproteinemia), and 23 with hyperprebetalipoproteinemia (type IV). Mean protamine-resistant lipase activity was below normal in a group of four women with hypothyroidism, in whom protamine-inactivated lipase was not reduced. Both of the lipase activities were capable of hydrolyzing lipid in very low-density lipoproteins, but the relative rate of hydrolysis of chylomicrons by protamine-resistant lipase was markedly limited. These results indicate the importance of distinguishing between lipases of hepatic and extra-
INTRODUCTION
The clearance of circulating lipoprotein triglyceride is thought to be mediated primarily by lipoprotein lipase (glycerol-ester hydrolase, EC 3.1.1.3) (1, 2) . This enzyme activity is present in a number of extrahepatic tissues and is released into plasma after heparin administration. Total postheparin lipolytic activity (PH-LA) 1 has been used to assess the activity of lipoprotein lipase, but PHLA is heterogeneous. It includes monoglyceride hydrolase (3, 4) and phospholipase (5, 6) activities, as well as triglyceride lipase activity of hepatic origin, which differs from lipoprotein lipase in substrate specificity and certain other properties (7) (8) (9) (10) (11) (12) .
Clinical interest in PHLA derives from its potential use in assessing lipoprotein clearing capacity. It has been inferred that low PHLA in a number of clinical states associated with hyperglyceridemia reflects a deficiency of lipoprotein lipase and that this in turn is related to a defect in lipoprotein catabolism. These inferences, however, have not been tested heretofore with an assay that distinguishes between lipoprotein lipase and the hepatic triglyceride lipase in postheparin plasma.
We have recently described separate measurement of these enzyme activities in postheparin plasma in the rat (9) . This assay is based on selective inactivation of extrahepatic lipase by protamine sulfate. In the current studies, we have evaluated the applicability of this assay to measurement of human plasma lipases, and examined possible differences in lipase activities among normal subjects and patients with hyperglyceridemia.' Of special interest were patients with familial type I hyperlipoproteinemia (14, 15) in whom clearance of chylomicrons is severely impaired (14) (15) (16) . The primary defect in this disorder is generally thought to be a deficiency of lipoprotein lipase (14) (15) (16) (17) (18) , but PHLA measurements are not consistently reduced in all patients with this disorder (14, 15, 17, 19) . The selective lipase assay was also performed in patients with hypothyroidism, a condition in which low PHLA has been reported (20) , but other features of the type I syndrome have not been observed.
METHODS
Human tissue sources. Samples of human omentum, mesentery, and liver were obtained from patients with stage I lymphoproliferative disorders in the course of diagnostic laparotomy under Fluothane anesthesia. The patients had previously been eating a regular hospital diet and fasted 12-16 h before the operation. Pathologic examination revealed no evidence of neoplasm in any of the tissues. The specimens were immediately frozen and stored at -20'C.
They were thawed just before use, and homogenized in cold acetone (20: 1, vol/wt). The homogenates were filtered over Whatman No. 1 filter paper in a Buchner funnel and washed six times with 200 ml of acetone, and three times with 200 ml of diethyl ether. The resulting powders were air-dried and homogenized with a Potter-Elvehjem homogenizer in 0.025 M NH40H. Aliquots of these extracts, con- taining approximately 30-60 ,ug of protein, were employed in enzyme assays.
In one experiment, fresh, unfrozen slices (2 g wet wt) of mesenteric adipose tissue and liver from a patient with chronic lymphocytic leukemia were incubated at 370C with 0.194 M Tris buffer, pH 8.6, containing 0.15 M NaCl (Tris-NaCl buffer, ionic strength 0.2) in the presence and absence of heparin. For the adipose tissue, the heparin concentration was 3 U/ml and for the liver, 1000 U/ml. After 45 min, the reaction vessels were iced and the contents centrifuged at 450 g for 20 min in an IEC refrigerated centrifuge (International Equipment Company, Needham Heights, Mass.). 0.1-ml aliquots of the supernate were immediately used for enzyme assay as described below. The higher concentration of heparin was chosen for the liver because of a previous report that the activity of a liver heparinase may increase the requirement of rat hepatic lipase for heparin (21) . This heparin concentration did not alter the effect of protamine on the enzyme extracted from acetone-ether powders of liver.
Plasma lipids and lipoproteins. Plasma triglyceride was determined by the method of Kessler and Lederer (22) and cholesterol by the N24A method (23) . Paper electrophoresis of lipoproteins and lipoprotein quantitation were performed as described previously (24) . Subjects. Healthy male and female adult laboratory workers, spouses of patients with familial hyperlipoproteinemia, and N.I.H. normal volunteers, all of whom had normal cholesterol and triglyceride concentrations (15) , ' A preliminary report of these data has been previously presented in abstract form (13) . served as controls. The subjects' ages ranged from 5 to 64 yr. Some were sampled as outpatients, while consuming regular American diets. Others were inpatients, eating a regular hospital diet or special diets as described in results. All subjects fasted 14-16 h before blood samples were obtained for lipid analyses and lipase assays.
Clinical data pertaining to the patients with primary hyperglyceridemia are listed in Tables V-VII, and data on  patients with hypothyroidism are listed in Table XI . All patients had been referred for evaluation of hyperlipidemia; in some instances affected members of the same kindred were studied. For the purpose of comparing their lipolytic activities, patients with elevated plasma triglyceride were grouped into one of three categories according to their plasma lipoprotein patterns at the time postheparin plasma was obtained for enzyme assay: (a) patients with hyperchylomicronemia as defined by the presence of a distinct fat layer floating on top of the plasma after the latter had been stored at 4'C for 18 h (15, 25), (b) patients with floating beta lipoprotein, i.e., having lipoproteins of density < 1.006 that had beta mobility on electrophoresis (26); these patients also had faint chylomicronemia; (c) patients with hyperprebetalipoproteinemia, without chylomicrons. None of the patients had low density lipoprotein concentrations above limits previously defined as normal (15) . The first of the above categories includes patients with types I and V hyperlipoproteinemia in the classification of Fredrickson, Lees, and Levy (14, 15) , the second is equivalent to type III, and the third to type IV.
All subjects with hyperlipoproteinemia were sampled while hospitalized on a metabolic ward. Patients with hyperchylomicronemia were routinely fed diets containing at least 30 g of fat/24 h; the fat content was reduced to less than 10 g/24 h for some studies. Other patients were fed diets providing approximately 20%o of calories from protein, 40% from fat, and 40% from carbohydrate, the total intake being adjusted daily to maintain a constant body wt.
Plasma glucose values were obtained for all patients in the fasting state and in most patients 2 h after 100 g of oral glucose. The percentage of ideal body weight was calculated from the Metropolitan Life Insurance Tables (27) . Routine measurements of renal, hepatic, and thyroid function were normal in all patients except where indicated (Table XI) . None of the patients or normal subjects had received any medication known to affect lipid metabolism (including insulin, oral anti-diabetic agents, steroid hormones, or hypolipidemic drugs) for at least 4 wk before study. Hyperglyceridemia was also documented in one or more first-degree relatives of all but 14 of the patients with "primary" hyperglyceridemia (Tables V-VII) . Ascertainment was not complete in all the families, and in some cases no relatives were available for sampling (Tables V-VII) .
Postheparin plasma. All blood samples were collected in tubes containing 2 U heparin/ml whole blood, and kept at 4'C. Samples were obtained before and 10 min after rapid intravenous administration of sodium heparin. For the standard test, 10 U/kg heparin was employed; in special studies the dose was increased up to 100 U/kg body weight. In some experiments, blood samples were also obtained at intervals from 5 to 120 min after heparin injection. These samples were withdrawn from an indwelling intravenous cannula in an antecubital vein washed with physiological saline between samplings. Plasma was separated in a refrigerated IEC centrifuge, and frozen in dry ice in 0.5-ml portions. Samples were stored at -20-C, and were shown to retain full enzyme activity after 6 mo.
Assay of postheparin lipase activity. Assay of triglyceride lipase activities was performed as described previously (9) . Plasma or tissue extract (0.01-0.10 ml) was incubated in duplicate in a total volume of 0. vol) aqueous Triton X-100, 0.6 ml, in a total volume of 12 ml of the Tris-NaCl buffer. When tissue extracts were used as enzyme source, 20 U of heparin and 0.8 ml of plasma from a fasted normal subject were included/12 ml of the substrate mixture.
To maximize the reproducibility of the assay results, the sonification procedure was performed in a standardized manner. The flat tip of the sonifier was centered and inserted # in below the surface of the assay mixture, contained in a standard 25- (29) .
Other methods. Chylomicrons were prepared by layering postprandial plasma from patients with hyperchylomicronemia under 0.85% saline and centrifuging in a 60 Ti rotor in a Beckman L265B ultracentrifuge (Beckman Instruments, Inc., Fullerton, Calif.) at 100,000 g for 10 min. The packed lipid layer at the top of the tube was washed once and stored under N2 in 1 mM EDTA at 4VC for no longer than two weeks. VLDL were prepared by previously described techniques (30) .
Protein was assayed by the method of Lowry, Rosebrough, Farr, and Randall (31) . Plasma glucose was determined by the glucose oxidase method (32) and thyroxine by a semiautomated technique (33) .
Statistical methods. Mean lipase values were compared by the two tailed t-test; the Aspin-Welch modification was employed when the variances were not equal (34) . Nonparametric tolerance limits were calculated from the tables of Somerville (35) . Regression was estimated by the method of least squares. A family of simultaneous tolerance intervals for the regression line was calculated with the Bonferroni inequality (36) .
RESULTS
Assessment of the validity of the assay using human enzymes Enzymes in tissues. Enzyme contained in either acetone-ether powders of adipose tissue or liver or extracted by heparin from wet tissues was preincubated with protamine for 10 min at 270C. The adipose tissue lipase was inhibited completely, or nearly so (Table I) , while the liver lipase activity was not significantly affected. The absolute activities in these tissues were low and the increase in activity produced by protamine with two of the livers was within the experimental error (±+10%). These results were in accord with those obtained with liver and adipose tissue enzymes prepared in the rat (9) . Enzymes in postheparin plasma. By preincubation of plasma in the presence or absence of protamine, the "protamine-resistant" and the "total" lipase activities were measured in postheparin plasma from normal subjects. The "protamine-inactivated" activity was determined as the difference between the total and the protamine-resistant activity ( Fig. 1A and 1B) . The reactions proceeded linearly for at least 90 min (Fig.  1A) . Since partial glycerides were present in only trace quantities in the substrate, it was assumed that the initial rate of FFA release primarily reflects hydrolysis of the triglyceride ester bonds, although subsequent hydrolysis of partial glyceride reaction products also occurs (3, 4, 8) . Activities were not enhanced by addition of preheparin plasma and were proportional to the amount of added postheparin plasma, up to 0.05-0.06 ml/ml of assay mixture (Fig. 1B) . Above this concentration, protamine-inactivated lipase activity did not increase. The limited range of proportional response was not obviously substrate-or temperature-dependent and the maximum was reproducibly obtained in numerous assays of plasma from both normal subjects and patients. In subsequent experiments, therefore, no more than 0.05 ml of plasma/ml of assay was employed for enzyme assays.
The time course of the two lipolytic activities in plasma after two doses of heparin was studied (Figs. 2 and 3). Preheparin plasma contained relatively little total triglyceride lipase activity (<0.6 U). After administration of 10 U/kg of heparin, both lipase activities were maximal between 5 and 30 min, and then declined rapidly, returning to the base line by 90-120 min (Fig. 2) . Similar results were obtained in two female and two male normal volunteers.
Two of these patients then received 75 U/kg heparin ( 
Enzyme activities in normal subjects
The results obtained in a group of normal subjects on their regular diets are summarized in Table II . Significant age and sex variations were observed for both protamine-resistant and protamine-inactivated lipase activities. The protamine-resistant activity, which comprised 46-95% of the total in individual subjects, was highest in adult men. A significant correlation with age was observed for protamine-inactivated lipase in women (Fig. 5 ), the mean lipase activity doubling between the second and sixth decades. Protamine-inactivated lipase activity in young males (< 16 yr) was comparable to that in the older women (Table II) . In male subjects older than 18 yr, the activity was significantly lower. This reduction in subjects over 18 was abrupt; there was no apparent continuous regression with age.
Nonparametric tolerance limits were established for 90% of the normal population with 85% confidence (Table III and Fig. 5 ). FIGURE 4 Plasma triglyceride lipase activities at 10 min after varying doses of heparin in a normal volunteer. The heparin dose was sequentially increased, a 2-3 day interval separating each administration. reduction 56%, P < 0.001). Protamine-resistant lipase activity increased in some of the subjects, but the mean increase for the group was not significant. There was no significant change in either enzyme activity in normal subjects fed diets containing 30-150 g of fat/
day.
The studies summarized in Table IV also afforded the opportunity to estimate the variation in the lipase activities measured repeatedly in individual subjects on the basal diet. The percent standard deviation (biological variation) for five or six determinations over a 2-wk period ranged from 6 to 18% (av = 12%) for protamine-resistant lipase, and 16-32% (av = 23%) for protamine-inactivated lipase.
Plasma lipase measurements in hyperlipoproteinemia
Effects of lipoprotein concentrations on the lipase assay. A possible effect of high lipoprotein concentrations on enzyme measurements was assessed by adding both chylomicrons and VLDL to 0.05-ml aliquots of postheparin plasma from a normal volunteer. In Fig. 6 , the amount of added lipoprotein is expressed in terms of the plasma triglyceride concentration achieved. The lipase activity measured in the absence of protamine was the same at all triglyceride levels below 2,200 mg/ 100 ml, beyond which a slight reduction occurred. The inactivation produced by protamine was, however, reduced by added lipoproteins. This resulted in an apparent lowering (> 5%) of protamine-inactivated activity at triglyceride concentrations greater than 800 mg/100 ml for VLDL and 1,500 mg/100 ml for chylomicrons (Fig. 6 ).
The interference with protamine inactivation in lipoprotein-rich plasma could be reversed by dilution of the plasma, thus reducing the final lipoprotein triglyceride concentration in the assay. This was demonstrated in postheparin plasma from a normal volunteer in which the plasma triglyceride concentration was increased from 125 to 3,400 mg/100 ml by addition of VLDL. Protamine inactivation was reduced > 60% but was restored to base line by a fivefold dilution of the plasma with 0.15 M NaCl solution. Changes of similar magnitude were observed by diluting plasma from patients with comparable plasma triglyceride concentrations. It has been previously shown that high triglyceride concentrations interfere with protamine inactivation of triglyceride lipase from adipose tissue (37). For the standard enzyme assay, plasma was diluted with physiologic saline, when necessary, to achieve a concentration of triglyceride of less than 500 mg/100 ml. At this concentration, the endogenous triglceride constituted less than 4% of the total in the assay. When the dilution was more than fivefold, a substrate of higher specific activity was used to restore the sensitivity of the assay.
Lipase activities in patients with hyperglyceridemia. Lipase activities were measured in postheparin plasma obtained from individuals with primary hyperglyceridemia (Tables V-VII) .
In the 23 patients with hyperprebetalipoproteinemia, and the 9 with floating beta lipoproteins, mean protamine-resistant and protamine-inactivated lipase activities were normal (Tables V and VI) . Individual values were within the 90% normal tolerance limits, except for a low activity of protamine-resistant lipase in one woman (M. P.), and elevated protamine-inactivated lipase in two men (C. M., J. 0.).
In the 44 patients with hyperchylomicronemia, the measurement of protamine-inactivated lipase activity appeared to identify two distinct populations of patients (Table VII) . 12 patients (6 men, 6 women) had activities far below the 90% normal tolerance limits and 4-10-fold less than the lowest values in the remainder of the group. The activities in these 12 patients were all at the limit of sensitivity of the assay. In several of them, total activity was higher in the presence than in the absence of protamine; this yielded slightly negative values for protamine-inactivated lipase (-0.1--0.6 U), which are listed as zero in Table VII . The protamine-inactivated lipase activities in the rest of the patients with chylomicronemia were distributed All patients received basal diet, containing >30 g fat/day (A) or fat-restricted diet containing <10 g fat/day (B) for 7-11 days before being sampled. Caloric contents of diets were adjusted daily to maintain stable body weights. No chylomicrons were detectable at the end of period B in any of the patients.
continuously within the normal range, except in 4 men and 2 women who had abnormally high activities. Protamine-resistant lipase activity was normal in all the patients except for two women with low values, one of whom (G. Wy. J.) had a coexistent reduction of protamine-inactivated lipase. Because of the obvious discontinuity in the distribution of protamine-inactivated lipase activity, the mean enzyme activities were calculated separately for the first 12 patients with extremely low activities and for the remainder who had normal or high values (Table  VIII) . Both groups had comparable mean triglyceride concentrations. Mean protamine-inactivated lipase in the first or "deficient" group was less than one-eighth that of normals; mean activity was higher than normal in the second group (men, P < 0.01; females, NS). The mean activity of protamine-resistant lipase was normal in each category, except for a one-third reduction in the males with low protamine-inactivated lipase activity (Table VIII) .
Lipase activities were measured in 6 of the 12 patients with low protamine-inactivated lipase after isocaloric reduction of dietary fat to less than 10 g/day (Table IX) . There were marked reductions in plasma triglyceride concentrations in all patients except M. W., who developed a high level of VLDL; the postheparin lipase activities were not significantly changed.
An increase in heparin dose from 10 U/kg to 75 U/kg (Table X) resulted in no significant increase of protamine-inactivated lipase activity in each of seven patients with low enzyme activities. Protamine-resistant activity was roughly doubled, however, similar to the response seen in normals. In two of the patients (L. Wy. and J. P.) the lipase activities were measured at 5, 10, and 20 min after this dose of heparin. Protamineinactivated lipase activity was the same at each of the time points, while protamine-resistant lipase followed the same time course observed in normals.
Addition of normal plasma to postheparin plasma (Table XI) . Protamine-inactivated lipase was normal in all four patients, while the mean protamine-resistant lipase activity was significantly reduced.
Hydrolysis of lipoproteins by postheparin lipase activities
The activities of protamine-resistant and protamineinactivated lipases against human chylomicrons and VLDL were measured and compared with the respective activities against the triolein substrate (Tables XII  and XIII) . The results indicated a distinct difference in substrate preference of the two postheparin lipase activities. This was true for both normal subjects and patients with hyperglyceridemia. The protamine-resistant activity was much higher against the triolein emulsion than against chylomicrons. Activity against VLDL was intermediate. On the other hand, the protamineinactivated activity was in the same range with all three substrates (Table XII) .
The statistical significance of the differences just noted are better seen in Table XIII , where the ratio of activity against each lipoprotein substrate to that against triolein is displayed. For either substrate and enzyme, the mean ratios in patients and normals did not differ significantly, permitting the calculation of mean ratios for the entire group of subjects. The ratios obtained for hydrolysis of VLDL (0.84) and chylomicrons (1.04) by the protamine-inactivated lipase were not significantly different. In contrast, the protamineresistant activity hydrolyzed chylomicrons at a rate only about one-fourth of that obtained with VLDL (0.16 vs. 0.59; P < 0.001).
Although the ratios varied considerably among individual subjects, the findings in the group as a whole suggested that measurement of protamine-inactivated lipase activity with the triolein emulsion was comparable to measurement with VLDL or chylomicrons. This was not true for the protamine-resistant activity, however. Thus, the portions of total activity determined to be protamine-inactivated and protamine-resistant varied with the different substrates. With the triolein emulsion, protamine-inactivated lipase activity was 33+3% of the total (mean+SEM for the patients in Table XII , excluding J. P. and G. Wy. J.); with VLDL, 42±4%, and with chylomicrons, 78±5%. The difference between the first and second substrates was not statistically significant; that between the second and third was (P < 0.001).
DISCUSSION
Triglyceride lipase activities of hepatic and extrahepatic origin are released into plasma by heparin. Release of FFA from all substrates was measured by titration (see Methods). Chylos, chylomicrons. * Subjects J. B. and E. C. are listed in Table V ; subjects R. M. and S. G. in Table VI ; and the remainder in Table VII . Samples were not the same as those used for Tables V-VII (obtained up to 1 yr later) , but in all cases the lipid concentrations and the lipoprotein patterns were consistent with the initial ones. (37) (38) (39) . We have failed to demonstrate an activator requirement for highly purified hepatic lipase from rat (10) , although activation of canine hepatic lipase by human apoC-I has been reported (40) . Hepatic and extrahepatic lipases both hydrolyze primary ester bonds preferentially, but preparations of hepatic lipase cleave the secondary ester bond of triglyceride at a greater rate, possibly due to the higher activity of an associated monoglyceride hydrolase (8, 12) .
Another distinction between those two enzyme activities is the relative resistance of hepatic lipase to lipoprotein lipase inactivators (7) (8) (9) . This feature has served as the basis for a specific assay of the two enzyme activities in rat postheparin plasma that utilizes selective inactivation of extrahepatic lipase with protamine sulfate (9) . The validity of this assay was established by showing that protamine-inactivated lipase was the only component present in totally hepatectomized rats and that protamine-resistant lipase correlated with the amount of liver tissue remaining in partially hepatectomized rats (9) .
The procedure developed for the selective assay of hepatic and extrahepatic lipase activities in rat postheparin plasma was applied to the study of hyperglyceridemia in humans after several criteria were satisfied. Firstly, under the conditions of this assay, lipase from human liver was shown to be protamine-resistant and lipase from adipose tissue was demonstrated to be protamine-inactivated like the rat enzymes. It remains to be demonstrated in man, as has been shown for the rat (7, 9) , that lipase activities from other extrahepatic tissues exhibit the same sensitivity to protamine as enzyme from adipose tissue.
Further, the optimal conditions for assay of the two activities in human plasma were established. Using a standard heparin dose of 10 U/kg, we found that plasma obtained 10 min after heparin contained maximal levels of both enzyme activities and that these could be mea-sured reproducibly with a triolein emulsion at pH 8.6. Both lipase activities remained constant (within the range of error of the assay) between 10 and 20 min, and then declined rapidly. At the higher dose of heparin, the decay was markedly slowed, particularly for the protamine-resistant lipase. Prolonged survival of total PHLA after higher heparin doses has been observed previously in man (41) and the rabbit (42) .
A third requirement was the establishment of the normal range of lipase activities in man as measured by this assay. Protamine-inactivated lipase activity rose linearly with age in women, while the activity fell sharply in men after age [16] [17] [18] . Protamine-resistant lipase activity was 40% higher in adult men than in any other category. While the biochemical bases for these age and sex variations are not understood, hormonal effects on lipase activities (43) (44) (45) (46) may prove to be important, and there undoubtedly are environmental influences that have not been perceived. One such factor that definitely influences lipase activities is diet. The drop in PHLA reported previously with fatrestricted diets (17) was here shown to be due to a decrease in the protamine-inactivated lipase component of PHLA.
Finally, conditions were determined for eliminating any effect of the concentration of triglycerides in plasma upon the enzyme activities. High lipoprotein levels reduced the extent of protamine inactivation, but this was not apparent when plasma was diluted so that the endogenous triglyceride contributed less than 4% to the total in the assay.
The application of this assay procedure to the study of 76 patients with primary hyperglyceridemia revealed a marked deficiency of protamine-inactivated lipase activity in postheparin plasma from 12 patients with hyperchylomicronemia. These low activities could not be ascribed to dietary fat restriction or to the presence of a plasma inhibitor, and were not corrected by addition of normal plasma. Protamine-resistant lipase activity was within the normal range in all but 1 of the 12 patients: mean activity was normal in the women, and reduced by about one-third in the men. Persistence of the severe deficiency of protamine-inactivated lipase after a much higher dose of heparin (75 U/kg) appeared to rule out an antagonism to heparin, a suspected cause of decreased PHLA in patients receiving estrogens (46) and others with paraproteinemia (47 (14, 17) . The other five, previously unpublished, had similar dietary responses. These are shown for three of the patients (J. K., S. K., and Ga. S.) in Table IX . On the basis of this criterion, these five patients were also considered to have type I hyperlipoproteinemia.
The group of 12 patients with deficiency of protamine-inactivated lipase activity (Tables VII, VIII) included all 10 of the type I subjects described above. Thus, the present results are consistent with earlier reports of reduced total PHLA or clearing factor in plasma from patients described as having type I (14) (15) (16) (17) 48) . The failure to detect a reduction in PHLA in one of the patients (L. Wy.) by an earlier assay (14, 17) appears to have been due to a relatively high activity of the protamine-resistant lipase at that time.
Two other patients with chylomicronemia, both detected in adulthood, were also in the group of patients with low protamine-inactivated lipase activity (Table  VII) . One, I. S., had a precipitous drop in plasma triglycerides on a fat-restricted diet (Table IX) . He would have been classified as type I. The other, M. W., showed a rise in triglycerides on the fat-restricted diet and was considered to represent type V (Table IX) .
The finding of low protamine-inactivated lipase activity in postheparin plasma from this group of patients is in accord with a report of reduced levels of lipoprotein lipase in adipose tissue from type I patients (18) . However, other abnormalities may be responsible for an enzyme defect in postheparin plasma, and it is possible that reduced tissue lipoprotein lipase is not the primary defect in all of the patients reported here. In a recent study, heparin-released plasma histaminase activity was also found to be low in all but two of the patients shown here to have reduced protamine-inactivated lipase (I. S. and J. K.) and normal in other hyperglyceridemic patients (49) . The interrelationship of histaminase and lipoprotein lipase remains to be determined; possible explanations for the combined deficiency in these patients include abnormality of a common protein subunit, activating mechanism, or tissue binding site from which both enzymes are released into plasma by heparin. It has also not been excluded that accelerated removal of lipase activity from plasma is responsible for an apparent deficiency in some patients.
Mean plasma lipase activities were normal or elevated in the other group of patients with hyperchylomicronemia. Some individuals had abnormalities (low protamine-resistant lipase or elevated protamine-inactivated lipase) also found within the group of patients with hyperprebetalipoproteinemia alone. The hyperglyceridemia in most of these patients was familial (see Methods), and it is possible that the variations in lipase activities have a genetic basis.
While it is apparent that multiple abnormalities are represented in the group of patients with hyperchylomicronemia, the present results suggest utility in segregating a category of patients on the basis of reduced extrahepatic lipase activity in postheparin plasma. (52) (53) (54) , but whose heparin-released enzyme activities were found to be normal in the present study.
The results in the patients with hypothyroidism suggest that the deficiency of total PHLA previously described (20) represents a reduction in protamineresistant lipase activity. While the lipase activity was within the normal 90% tolerance limits for each of the four patients, the mean activity for the group was significantly below normal. The finding of normal protamine-inactivated lipase in these patients appears to be consistent with the data of Persson (55) who found that lipoprotein lipase activity in adipose tissue was within the normal range in five patients with myxedema, although the average activity was somewhat below the mean for normals.
Evaluation of possible differences in substrate specificity between hepatic and extrahepatic lipase activities was complicated by several factors. Although the effects of protamine were presumed to occur chiefly during the preincubation period (9), it was not possible to exclude influences of the different substrates on the protamine response. In addition, although assays contained a large excess of added substrate, interaction of enzymes with endogenous plasma lipoproteins may have affected the lipase measurements. Finally, the assay procedures did not discriminate among individual extrahepatic or hepatic enzymes, which may have hydrolyzed different lipoprotein species at different rates.
The data in Tables XII and XIII revealed considerable intersubject variation in the relative lipase activities against the lipoprotein substrates. This variance may have related to one or more of the above-mentioned factors influencing the enzyme measurements. Consistent patterns were apparent, however, in the results of the group as a whole. Protamine-inactivated lipase activity was generally comparable with triolein, VLDL, and chylomicron substrates; while protamineresistant was highest with triolein, lowest with chylomicrons, and intermediate with VLDL. These results may help to explain the finding in postheparin plasma of an "abnormal" lipoprotein lipase with reduced activity against chylomicrons, but normal hydrolysis of triglyceride emulsions (19, 56 ). This has been described in patients considered to have type V (56) or type I (19) hyperlipoproteinemia, and may represent predominance of protamine-resistant (hepatic) lipase activity.
While the relative activities of hepatic and extrahepatic lipases in postheparin plasma do not necessarily reflect the activities of these enzymes in tissues, the present results suggest possible specificity of function of the enzymes in lipoprotein catabolism. The hydrolysis of chylomicron and VLDL lipids at similar rates by protamine-inactivated lipase is in accord with previous observations that both types of particles are catabolized (1, 2) and taken up (57-59) by extrahepatic tissues. The relatively low activity of protamine-resistant lipase against chylomicrons is in agreement with the findings in patients with type I hyperlipoproteinemia, many of whom had diminished chylomicron clearance in the presence of normal or only slightly reduced protamineresistant lipase activity. These results are also consistent with previous observations that chylomicrons are cleared to a relatively small extent by liver in vivo (59) (60) (61) (62) (63) and in vitro (7, 11, (64) (65) (66) (67) (68) , while they raise the possibility that hepatic lipase may have some function in the catabolism of VLDL.
The selective assay for heparin-released hepatic and extrahepatic lipase activities has been shown by these studies to be useful in defining categories of patients with primary hyperchylomicronemia and in evaluating clinical states such as hypothyroidism, where a reduction in total PHLA previously has been associated with hyperglyceridemia. Other conditions reported to have low PHLA include diabetes mellitus (69), hormonal steroid treatment (43, 46, 70) , liver disease (65) , alcoholism (71), renal failure (72) , and pancreatitis (73) . Specific changes also might be detected with hypolipidemic diets or drugs found to increase total PHLA (44, 45, 74 
